Objective: To report the first case of ciguatera-associated rheumatoid arthritis in Japan. Patient: A 53-year-old man presented to our clinic with morning stiffness and pain in the fingers and wrists. Results: For six months, he had suffered from chronic pain in both hands and shoulders caused by ciguatera poisoning. He was referred to a local general hospital and diagnosed with RA. Conclusion: When synovitis becomes evident in chronic ciguatera poisoning, reevaluation is necessary, including investigation of chronic arthritis, which might be associated with the onset of RA.
Introduction
Ciguatera poisoning is a type of food poisoning caused by ingestion of fish in subtropical and tropical regions that are contaminated by ciguatoxin. Ciguatoxin is produced by a dinoflagellate called Gambierdiscus toxicus and is concentrated through the food chain and is mainly accumulated in fish muscles 1) . Ciguatera poisoning causes a variety of symptoms, including acute and chronic phases. Chronic symptoms are general malaise, numbness, pruritus, and arthralgia 1) . Ciguatoxin may be associated with chronic systemic diseases such as polymyositis, chronic fatigue syndrome, and fibromyalgia
2-4)
. It has not been previously reported that ciguatera poisoning can lead to the onset of rheumatoid arthritis (RA). To our knowledge, this is the first report from Japan of RA following ciguatera poisoning, and we believe that it will provide a new insight into the clinical course of ciguatera poisoning.
Patient
A 53-year-old man presented to our clinic on Minamidaito island (Figure 1 ) of Okinawa with morning stiffness and pain in the fingers and wrists of both hands. Six months previously, after eating boiled Oplegnathus punctatus ( Figure  2) , the patient had sought medical attention along with two family members because of numbness in both arms and the oral cavity, pain in the hands and shoulders, as well as pruritus of the whole body. His medical history included diabetes mellitus with neuropathy and retinopathy. He was taking insulin glargine 30 Units (U) and insulin aspart 6U-4U-8U. His vital signs were stable. Physical examination showed decreased sensation in both hands and feet, but there was no joint swelling or tenderness. All three individuals had similar symptoms and were diagnosed with ciguatera poisoning. The patient was prescribed diclofenac and pregabalin. One month before admission, the joint pain became so acute that the patient came back for reevaluation. On physical examination, the following were warm, swollen, and tender: left fifth metacarpophalangeal joint, right second metacarpophalangeal joint, right second proximal interphalangeal joint, right third metatarsophalangeal joint, and right fourth metatarsophalangeal joint. There was only tenderness in both shoulders without swelling. Blood tests revealed an erythrocyte sedimentation rate of 54 mm, rheumatoid factor of 70 IU / mL and an anti-CCP antibody level of 377 U /mL. Anti-SS-A / Ro anti-body and antinuclear antibody were negative. Based on ACR/ EULAR classification criteria, the patient was diagnosed with RA and referred to a local general hospital for further investigation. Joint ultrasound revealed an enhancement of blood flow signal in the right fifth metacarpophalangeal joint and bilateral wrists (Figure 3) . No abnormalities were seen on plain radiographs of the hands and chest. His symptoms were controlled with salazosulfapyridine 1000 mg. 
Discussion
The clinical implications of this case are two-fold: 1) a similarity of clinical manifestations between RA and ciguatera poisoning; and 2) the possibility of a cause-and-effect relationship between ciguatera poisoning and RA.
In ciguatera poisoning, general malaise and arthralgia occur in 60-100% and 29-86% of patients, respectively 5) . Similar results have been reported from other areas of Japan; these symptoms may persist for several months and become chronic 1) . In chronic ciguatera poisoning, the clinical presentation can be similar to that seen in connective tissue diseases, and it is possible that ciguatoxin might induce the onset of some connective tissue diseases. For example, inflammation of muscle tissues induced by ciguatoxin can lead to polymyositis 6) . When symptoms are prolonged and clinical features of arthritis become evident, we should reconsider the diagnosis and proceed to investigation of chronic arthritis.
It has not been previously reported that ciguatera poisoning can cause arthritis. However, in experimental models of RA established in small animals, some toxins such as lipopolysaccharide and pertussis toxin may be related to arthritis, and the pathogenesis of this arthritis model might be partially shared with that of human RA [7] [8] [9] . These results may support the proposed cause-and-effect relationship between ciguatera poisoning and RA. Furthermore, ciguatoxin was shown to up-regulate mRNA expression of proinflammatory cytokines, tumor necrosis factor-α (TNF-α), matrix metalloproteinase-9 (MMP-9), interleukin-1β and-6 10) . TNF-α plays a dominant role in RA, and patients with RA have high levels of TNF-α, which activate inflammation and destruction of joints 11) . MMPs, a family of related enzymes, mediate the hydrolysis of connective tissue extracellular matrix 12) . MMP-9 is increased in patients with RA and shows that the disease is active 13) . MMP-9 may promote inflammation and cartilage degradation in patients with RA 14, 15) . Based on this evidence, it is suggested that the increase in TNF-α and MMP-9 may be related to the onset and progression of RA in patients with chronic ciguatera poisoning. Unfortunately, we did not measure these inflammatory mediators in our patient. However, based on the overall evidence, there is a possibility that systemic inflammation induced by ciguatera poisoning might be associated with the onset of RA.
Conclusion
We need to recognize that reevaluation is of great importance when synovitis becomes evident in patients with chronic ciguatera poisoning, and ciguatera poisoning can be associated with onset of RA, although a cause-and-effect relationship is not yet definitively established.
